Patients with pulmonary and pulmonary plus extrapulmonary sarcoidosis differ in symptom severity and health status impairment. To date there is no information on differences in clinical and laboratory parameters between these phenotypes and limited information on extrapulmonary involvement in Czech sarcoidosis patients exists. Methods. We therefore compared clinical data (age, gender, organ involvement, lung function tests) and laboratory data (blood counts, bronchoalveolar fluid (BAL) cellular profile, serum levels of CRP, SACE, sIL-2R, neopterin) between patients with newly diagnosed pulmonary sarcoidosis (n=107) and those with pulmonary plus extrapulmonary sarcoidosis (n=54). Results. Extrapulmonary sarcoidosis was diagnosed in 33% of patients, mostly affecting lymph nodes and skin and having hypercalciuria. There was no difference in the prevalence of extrapulmonary sarcoidosis between genders. Patients with extrapulmonary sarcoidosis were older and mostly non-smokers when compared to those with limited pulmonary form. X-ray Stage I and erythema nodosum were less frequent in extrapulmonary disease. Serum levels of CRP, SACE, sIL-2R and neopterin and BAL cellular profile did not differ between both phenotypes. We observed lower platelets, FEV1, VC, and BAL CD19+ in females with extrapulmonary involvement than in those with pulmonary disease. Conclusion. Affected lymph nodes, skin and hypercalciuria were the most common in sarcoidosis patients with extrapulmonary involvement. Pulmonary sarcoidosis did not differ in clinical and routine laboratory parameters from pulmonary plus extrapulmonary sarcoidosis. Observation of low platelets, VC, FEV1 and BAL CD19+ in females with extrapulmonary sarcoidosis needs further verification in larger cohort.
INTRODUCTION
Sarcoidosis is a systemic granulomatous disease of unknown aetiology. It commonly affects young and middle aged adults, more frequently women and non-smokers 1 . The prevalence of sarcoidosis around the world varies between 6-213/100000 inhabitants, depending on the race and population. In the Czech Republic, a Middle European country, the incidence is 3.1/100000 and the prevalence more than 70/100000 inhabitants 2 . The most common presentation of sarcoidosis is bilateral hilar lymphadenopathy and pulmonary infiltration. However, the pulmonary involvement is commonly accompanied by the involvement of other organs. The most commonly affected organs are eyes, liver, spleen, lymph nodes, salivary glands, heart, nervous system, muscles, bones, but also other organs such as uterine, stomach, bone marrow and others may be rarely affected 1 . The affected organs and the prevalence of extrapulmonary sarcoidosis vary between populations. A Case Control Study of Sarcoidosis (ACCESS) demonstrated that there is more extrapulmonary sarcoidosis in African-Americans than in Caucasians and different organs are affected within races 3, 4 . Caucasians have more frequently a hypercalciuria, a disorder of calcium metabolism typical by excessive urinary calcium excretion, related to sarcoidosis, and African-Americans involvement of eyes, liver, bone marrow, peripheral lymph nodes and skin 3 . In Japanese patients, there are common cardiac and eye lesions 5, 6 , in Brazilians skin, peripheral lymph system, heart and defects in calcium metabolism 7 and in Turkish patients skin and peripheral lymph nodes 8 are most often affected. For condition with simultaneous pulmonary and extrapulmonary involvements, the term "generalized" sarcoidosis 3 has been introduced. Recently, a new term "extensive" sarcoidosis has been used for systemic involvement of more than two organs except of involving of extrathoracical lymph nodes 7 . Extrapulmonary sarcoidosis may be on occasion life threatening and may also affect the therapeutic approach 9 . There is also evidence that patients with pulmonary plus extrapulmonary sarcoidosis are more impaired in the severity of symptoms, restrictions of activities of daily living and there is also impairment of health status comparing to the patients with isolated pulmonary sarcoidosis 10 . One may therefore expect that pulmonary sarcoidosis differ in clinical and laboratory parameters from those patients with accompanied extrapulmonary sarcoidosis. However, limited data is available on this topic.
In this study, we aimed to characterize the extrapulmonary sarcoidosis in Czech patients, because there is no information on organ involvement and frequency of extrapulmonary involvement in sarcoidosis patients from Middle Europe. We aimed also to investigate whether patients with pulmonary sarcoidosis differ in routinely assessed clinical and laboratory data from those with accompanied extrapulmonary involvement.
MATERIAL AND METHODS

Subjects
We performed a retrospective review of clinical and laboratory data in a cohort of 161 sarcoidosis patients (91 women, the mean age 50 yrs; 70 men, 37 yrs) diagnosed between January 2007 and December 2011 at the Department of Respiratory Medicine in Olomouc, a tertiary referral centre for interstitial lung diseases in Moravia. Subanalysis was performed in 107 patients with isolated pulmonary involvement (61 women, 48 yrs; 46 men, 36 yrs) and 54 patients with accompanying extrapulmonary involvement (30 women, 56 yrs; 24 men, 38 yrs); further subanalysis was done in subgroups according to the gender. Organ involvement was evaluated according to the ACCESS protocol 11 . We evaluated age, sex, smoking, X-ray stages and lung function tests (FEV1%, FEV1, VC, VC%, DLCO% and TLC). Respiratory tests were done by Master Screen Body plethysmograph (Jaeger GmbH & Co., Würzburg, Germany) at the time of diagnosis. Levels of serum biomarkers -CRP, serum angiotensin-converting enzyme (SACE), soluble interleukin-2 receptor (sIL-2R) (Roche, Mannheim, Germany) and neopterin (ELISA, IBL International GmbH, Hamburg, Germany) and the blood counts were assessed in peripheral blood at the time of diagnosis. Similarly, the bronchoalveolar lavage (BAL) cellular profile was evaluated using FACSCalibur flow cytometer (BD Biosciences, CA, USA) at the time of diagnosis. All patients enrolled into this study were of Czech origin and were not relatives. The detailed demographic data are shown in Table 1 . The flow chart of routine investigation of sarcoidosis patients is shown in Fig. 1 . The local ethical committee of Palacky University and Faculty Hospital Olomouc approved the study.
Statistical Analysis
Fisher's exact test was used to compare categorical data, and quantitative comparisons were performed using unpaired t-test or Mann-Whitney test. The Shapiro-Wilk test was used to test the normality of data distribution. The statistical analysis was performed using GraphPad Prism 5.01 (GraphPad Software, La Jolla, CA, USA) and SPSS version 15.0 (SPSS Inc, Chicago, IL, USA). A P-value <0.05 was considered as significant.
RESULTS
Comparison of clinical parameters
In our patients with sarcoidosis, age median in female group was 50 years (range 41.0-58.0) ( Table 1 ). The pulmonary plus extrapulmonary sarcoidosis was present in 54 patients (33.3%) and the form limited to the lungs in 107 patients (66.6%). Patients with accompanied extrapul-monary sarcoidosis were older than those with a limited form (median age 49 years vs. 45 years; P=0.02) ( Table 1) . Similarly, females with extrapulmonary sarcoidosis were older (median age 56.0 years) than those with only lung involvement (48.0 years; P=0.04) ( Table 1) . Also males with extrapulmonary involvement were older than those with the disease limited to the lungs (38 vs. 36 years), but the difference did not reach significance. There was no difference in the proportion of gender among patients with limited form and those with extrapulmonary involvement (males: 44% vs. 43%; P>0.05). When assessing radiological stages, stage II was most frequent stage in both extrapulmonary (72.2%) as well as in the limited form of sarcoidosis (57.9%). Stage I was more frequently present in patients with pulmonary form than in extrapulmonary sarcoidosis (38.3% vs 14.8%), as well as erythema nodosum (EN; 16.8% vs 1.9%). In all patients EN was associated with Löfgren's syndrome.
Patients in the present study were mostly non-smokers (60.9%) ( Table 1 ). In the extrapulmonary sarcoidosis subgroup, there were more non-smokers (70.4% vs. 56.1%) and fewer ex-smokers (11.1% vs. 25.2%) than in the subgroup with the limited form, but the difference did not reach significance (P=0.09) ( Table 1) .
Affected organs and calcium metabolism defects associated with sarcoidosis
In patients with extrapulmonary involvement, the most commonly affected organs were peripheral lymph nodes (50.3%), skin (29.6%), liver (11.1%), and spleen (9.3%). The eyes (5.7%) and the uterus, stomach, lacrimal glands, peritoneum, and bone marrow (all 1.9%) were involved rarely (Fig. 2) . About one-third of patients (31.5%) had a hypercalciuria. In our cohort, we found lower prevalence of hypercalciuria (7.7% vs 14.3%) and peripheral lymph node involvement (13.2% vs 21.4%) in women than in men, but the difference did not reach significance.
Regarding number of diseased organs, the majority of patients with extrapulmonary sarcoidosis had one additional organ except lungs affected (75.9%), followed by two extrapulmonary organs affected (13.0%) and three and more organs affected (13.0%). In subgroups according to the gender, we found more women with one extrapulmonary affected organ (83.3% vs 66.7%) and fewer women with three and more affected organs (6.7% vs 20.8%) than in men, but the difference did not reach significance.
Comparison of laboratory and functional parameters between patients with different clinical phenotypes
No difference in hemoglobin, leukocyte, lymphocyte and platelet counts was observed between the groups with pulmonary and extrapulmonary sarcoidosis at the time of diagnosis (P>0.05). Both groups did not differ in serum concentrations of CRP, SACE, sIL-2R and neopterin (P>0.05, (Table 3 ). These differences were not found in male subgroup.
Comparison on the BAL fluid cellular profile between patients with different clinical phenotypes
Data on the BAL cellular profile and CD4+/CD8+ ratio and other immunophenotyping results were available in 140 patients with sarcoidosis enrolled in the study. No differences were found in either absolute or relative counts of alveolar macrophages, lymphocytes, neutrophils and eosinophils between patients with limited and generalized forms (P>0.05, Table 2 , Fig. 3 ) as well as in gender subgroups (P>0.05, Table 3 ). In female patients, there was higher proportion of CD19+ lymphocytes in the BAL fluid obtained from patients with pulmonary sarcoidosis than in those with the extrapulmonary form of the disease (P=0.02) ( Table 3) .
DISCUSSION
In the years 2007-2011, a total of 161 new cases of sarcoidosis were diagnosed at a tertiary centre for interstitial lung diseases in Moravia. Of those, 67% of patients were diagnosed with pulmonary sarcoidosis and 33% had in addition extrapulmonary involvement. In extrapulmonary group, the most frequently affected organs were peripheral lymph nodes and skin, and one-third of patients had a hypercalciuria. Although the patients with pulmonary and pulmonary plus extrapulmonary sarcoidosis differ in symptom severity and health status impairment 10 , we did not observe any significant difference in clinical and laboratory parameters between these phenotypes. Interestingly, we observed higher levels of platelet count, functional parameters VC and FEV1 and CD19+ lymphocytes in the bronchoalveolar fluid in females with pulomonary sarcoidosis than in those with accompanying extrapulmonary disease.
Our patients with pulmonary plus extrapulmonary disease were older than those with only pulmonary sarcoidosis; the same trend was observed in subgroups according to the gender. Although higher frequency of extrapulmonary sarcoidosis has been reported in females than in males 3 , in our study cohort the percentages of males and females with extrapulmonary sarcoidosis were identical. However, women had tendency to less generalized disease as assessed by number of affected organs. It is also of interest that there were more non-smokers among patients with extrapulmonary sarcoidosis than among those with the limited pulmonary form, particularly in the male subgroup.
In our patients with extrapulmonary involvement, the most commonly affected organs were peripheral lymph nodes. Lymphadenomegaly may develop at any site, the cervical, axillary, epitrochlear and inguinal nodes become enlarged most frequently. The frequency of peritoneal and retroperitoneal nodes is unknown, because they tend to be clinically silent 12, 13 . Node enlargement was mostly mild, with the nodes being hard but not tender or ulcerating. Another common manifestation associated with sarcoidosis in our patients was a hypercalciuria (31.5%), a frequent form of calcium metabolism abnormality in Caucasians 14 . Skin involvement, seen in about 25% of patients worldwide 14 , was confirmed in about 30% of our extrapulmonary sarcoidosis cases. Interestingly, eye involvement reported in 10-50% of European cases and 50-90% of Japanese cases 14 , was infrequent in our patients (5.7%). Besides involvement of liver and spleen, we observed also rarely affected organs such as uterus, stomach, lacrimal glands, and peritoneum. Importantly, there is a discrepancy in the literature regarding the categorizing of erythema nodosum (EN). Some authors include EN into the extrapulmonary involvement 7,11 , however we and others 15 believe that EN is just reaction not the extrapulmonary form of sarcoidosis. Moreover, EN is associated with a good prognosis, often resolving spontaneously, which is in contrast to extrapulmonary sarcoidosis. Therefore, we did not include EN into the extrapulmonary form of disease.
Although 30-50% of patients with pulmonary sarcoidosis are known to have extrapulmonary involvement often requiring different treatment options, little is known about differences in clinical and laboratory parameters between patients with the disease limited to the lungs and those with the extrapulmonary form. In contrast to our expectation, we did not observe any differences in functional lung parameters as well as in blood count values between both phenotypes. When subdivided according to the gender, females with extrapulmonary disease had lower platelet count and lower VC and FEV1 than those with the limited pulmonary form of sarcoidosis. This may be explained by the fact that our females with the extrapulmonary form were older than their counterparts with limited disease and/or it may relate to the affected organs and severity of disease in female subgroup. It can be also assumed that the lung involvement can be more intensive in limited pulmonary form. Regarding platelet count, low number of platelet counts has been already reported in patients with affected spleen [16] [17] [18] [19] and German patients with sarcoidosis 20 . The association of platelet counts and severity of disease, resp. affected organs should be further investigated. Regarding affected organs in women, ACCESS found a higher prevalence of eye (13.9% vs 8.2%), and neurological sarcoidosis (6.0% vs 2.2%) and lower prevalence of hypercalciuria (2.1% vs 6.3%) in females than in males 4 . Also in our patient cohort, other organs and their combination were affected by the disease in women and men. We found lower prevalence of hypercalciuria (7.7% vs 14.3%) and patients with affected peripheral lymph nodes (13.2% vs 21.4%) in women than in men, but the difference did not reach significance due to low number of cases.
It has been proposed that the disease activity biomarkers such as CRP, SACE, sIL-2R and neopterin can inform about the total mass of granulomas. In our study, the serum levels of these markers did not differ between extrapulmonary and pulmonary sarcoidosis. This observation let us speculate that the number of organs affected by sarcoidosis does not correspond to amount of granulomas in the body and/or latent involvement of other organs may also play a role. In another study, out of 92 pro-inflammatory proteins higher levels of only seven analytes-CRP, CA125, CD40, ferritin, TNF RII, IL-18 and β-2 microglobulin were found in patients on anti-tumor necrosis factor therapy suffering from extrapulmonary sarcoidosis comparing to those with limited pulmonary form 21 .
Regarding the BAL fluid, we hypothesized that disease limited to the lung may be associated with higher numbers of inflammatory cells than BAL from patients with accompanied extrapulmonary involvement due to the possible redistribution of immune cells into other involved organs. However, we found no differences in the BAL fluid cellular profile in either absolute or relative counts of alveolar macrophages, lymphocytes, neutrophils and eosinophils between the limited pulmonary and extrapulmonary disease groups. There were also no differences in the proportion of CD4+ and CD8+ T-lymphocytes and in the CD4+/CD8+ ratio in studied subgroups. According to our knowledge, this is the first study comparing the BAL fluid profile in respect to organ involvement. Previous studies on the predictive values of BAL found that the lymphocyte count, CD4+ and CD4+/CD8+ are not indicators of prognosis on which therapeutic decisions can be based 22 . Next, we aimed to investigate whether studied parameters differ in subgroups according to the gender. Females with extrapulmonary involvement had significantly lower percentages of CD19+ than those with only pulmonary form. This finding is consistent with a recent study detecting CD4+, CD8+ and CD19+ lymphopenia in the peripheral blood of patients with sarcoidosis, the condition being associated with severe disease and extrapulmonary involvement 23 . Lower number of circulating memory B-cells has been also found in peripheral blood obtained from patients with chronic sarcoidosis comparing to inactive form and healthy subjects 24 . We and others 24, 25 speculate that in sarcoidosis, CD19+ lymphopenia may be due to suppression of lymphomagenesis, mainly through cytokine action or apoptotic pathway activation, redistribution of B-lymphocytes into the site of granuloma and/ or changes in the B-cell homeostasis. The role of B-cells in sarcoidosis should be investigated in future studies. We are aware that this study has limitations. The major limitations are the retrospective data analysis, the small number of patients in subgroups with particular phenotype, and the fact that this is a single centre study. However, when any of the clinical or laboratory parameters would be clinically useful as a marker of extrapulmonary sarcoidosis, it would be nominated also from our study.
In conclusion, extrapulmonary sarcoidosis was diagnosed in 33% of sarcoidosis patients, mostly affecting lymph nodes and skin, and having hypercalciuria. The comparison of routinely assessed clinical and laboratory parameters did not reveal any differences between pulmonary and pulmonary plus extrapulmonary disease in the whole group and in male subgroup. In females with extrapulmonary sarcoidosis, we observed lower platelet count, lower FEV1 and VC and BAL CD19+ than in females with the form limited to the lung. This observation needs further verification in larger cohort.
